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The  end  goal  of  the  function  of  blood  circulation  is  realized  in 
the  capillary  system  —  the  transfer  to  the  working  cells  of  the  nutrient 
substances  which  are  necessary  for  their  activity  and  the  outlet  of  pro¬ 
ducts  of  tissue  metabolism.  Therefore,  in  the  end  result  the  condition 
of  the  working  tissues  and  organs  may  depend  on  the  condition  of 
capillary  circulation. 

It  is  known  that  the  intensity  of  capillary  blood  flow  changes  not 
only  during  pathological  conditions,  but  also  is  subject  to  fluctuations 
following  a  change  in  the  functional  condition  of  the  organism.  If  during 
the  relative  quiet  of  the  organ  or  tissue  part  of  the  capillaries  arc 
found  in  a  sleeping  condition,  then  in  the  functioning  tissue  the  opening 
of  additional  capillaries  takes  place,  the  capacity  of  the  capillary  net 
is  significantly  increased  and  the  rate  of  blood  flow  increases.  The 
increase  in  the  number  of  functioning  capillaries  and  the  accelerated  blood 
flow  in  them  guarantee  the  increasing  needs  of  the  tissues  and  organs  in 
oxygen,  -nutrient  substances,  and  the  removal  of  the  products  of  metabolism. 

Normal  collateral  mechanisms  may  be  insufficient  or  lacking  during 
pa thol op i c \ 1  conditions  of  the  organism,  and  this  leads  to  a  worsening  of 
the  tis'-'ui'  Mood  circulation  in  tlu>  viably  important  organs  and  systems  ami 
a  disrupt  ion  of  their  functional  per lonnance. 

Under  tiie  conditions  of  a  normal  functioning  organism  the  intensity 
of  metabolism  between  the  blood  and  tissues  is  determined  primarily  by  the 
rate  of  the  capillary  blood  flow  and  the  number  of  functioning  capillaries 
(I.  1.  Tslamov,  1954;  B.  D,  Zabudskiy,  195-  ;  Rely,  1949;  Schmueking,  19:»]  ; 
Rpap  ort,  Saul,  Hyman,  Morton,  1952;  Coste,  Bourel,  Morel,  1954;  and  others). 

During  pathological  conditions  the  amount  of  nutrient  substances  and 
oxygen  reaching  the  tissues  and  also  the  metabolic  products  removed  from 
the  tissues  will  depend,  in  addition  to  the  magnitude  of  the  resorption 
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surface  of  the  capillaries  and  the  rate  of  blood  circulation  in  them,  on 
the  state  of  permeability  of  the  vascular  endothelium.  With  other  con¬ 
ditions  being  equal,  it  is  understandable  that  with  a  disruption  of  the 
permeability  of  the  vascular  wall  there  Is  a  change  In  the  amount  and  the 
rate  of  substances  passing  from  the  blood  into  the  tissues  and  from  the 
tissues  into  the  blood. 

Up  until  recently  objective  Investigations  of  the  dynamics  of  meta¬ 
bolic  processes  between  the  tissues  and  the  blood  have  met  with  methodical 
difficulty.  With  the  application  of  labeled  atoms  in  medicine,  new,  more 
thorough  methods  were  found  for  studying  capillary  blood  circulation.  Here 
the  principle  of  investigating  the  tissue  Mood  flow  amounts  to  the  intra- 
cutancous ,  subcutaneous  or  intramuscular  admlnist^aticr  el  indicator  sub¬ 
stances  of  an  artificial  isotope  and  the  determination  of  the  rate  of  its 
removal  beyond  the  site  of  administration.  By  recording  the  activity  of 
radiation  above  the  site  of  administration  over  short  periods  of  time,  it 
is  possible  to  make  conclusions  concerning  the  intensity  of  removal  of  the 
radioactive  substance. 

The  first  time  following  the  administration  of  the  isotope  into  a 
tissue  the  rate  of  its  resorption  decreases  evenly.  Subsequently,  by  the 
end  of  the  determination,  the  intensity  f  radiation  is  reduced  less,  which 
is  connected  with  the  fixation  of  the  ra_ioactive  substance  by  the  tissues 
at  the  site  of  administration  (Islamov,  i,  I,,  1954;  Helde,  Seeberg,  1953). 
Therefore,  it  is  considered  that  only  in  the  first  period  following  the 
injection  of  the  isotope  the  decrease  in  the  activity  of  radiation  reflects 
the  rate  of  resorption.  In  view  of  this  it  is  usual  to  record,  not  the  time 
over  which  the  administered  radioactive  substance  is  completely  removed 
beyond  the  site  of  injection,  but  the  time  during  which  the  intensity  of 
radiation  is  decreased  by  half  (half  removal). 

It  has  been  established  that  low  molecular  compounds  are  removed  from 
the  tissues  by  means  of  their  resorption  by  the  blood  carrying  capillaries, 
whereas  high  molecular  compounds  are  removed  beyond  the  site  of  administration 
by  the  system  of  lymph  capillaries  (I.  I.  Tslamov,  1954;  Kety,  1949;  Jepson, 
Simeone,  Dobyns ,  1953;  Rowson,  Morgon,  1954).  Tims,  the  rate  of  removal 
from  the  tissues  of  the  isotopes  which  are  included  in  the  composition  of 
low  molecular  inorganic  compounds  may  characterize  the  condition  of  the 
capillary  blood  circulation,  and  based  on  the  intensity  of  resorption  of 
high  molecular  substances  (usually  labeled  albumin  or  globulin)  produce  a 
conclusion  concerning  the  peculiarities  of  lymph  circulation. 

The  objective  and  accurate  method  of  using  artificial  radioactive 
isotopes  for  studying  the  condition  of  tissue  blood  circulation  during 
various  physiological  and  pathological  conditions  of  the  organism  has  come 
into  extensive  practice  both  experimentally  as  well  as  in  clinical  inves¬ 
tigations. 

In  studying  the  condition  of  the  cardiovascular  system  during  plague 
infection,  we  decided  to  include  in  the  circle  of  our  investigations  a 
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determination,  utilizing  the  method  of  labeled  atoms,  of  the  peculiarities 
of  capillary  blood  circulation  in  various  periods  following  the  infection 
of  animals  .nth  B.  pestrts.  _ _ 

The  investigation  of  the  capillary  blood  flow  during  experimental 
plague  made  it  necessary  to  study  not  only  the  capillary  system  as  part  of 
the  cardiovascular  system,  but  also  the  dictatively  sepe^atnly  expressed 
degree  of  permeability  of  minute  vessels  and  capillaries  during  plague. 

T!,.:  data  of  pathol ogoanatomical  and  histological  investigations  point 
to  the  significant  changes  in  the  capillaries  during  all  forms  of  plague. 

In  previous  erm^unicationn  we  pointed  out  that  already  Albrecht  and  Chon 
naoo^  l**'")  .otcil  the  *  ignif  i.\>nf  affection  of  the  capillaries  of  the 
parenchymatous  organs.  I).  P.  Kishenckiy  et  al.  (1911)  wrote  about  the  deep 
changes  in  the  blood  vessels,  including  the  capillaries.  In  cases  of 
experimental  plague  infection  in  guinea  pigs,  expressed  changes  in  the 
capillary  structures  in  the  organs  of  the  reticuloendothelial  system  were 
observed  by  V.  V.  Donskov  (1944). 

un  the  basis  of  an  analysis  of  literary  sources  and  rich  local 
materials,  V.  N.  Lobanov  (1956)  came  to  a  conclusion  concerning  the  affection 
of  minute  vessels  and  capillaries  in  all  the  tissues  and  organs,  both  during 
experimental  plague  as  well  as  during  plague  in  man.  In  view  of  the  fact 
that  the  severity  of  affections  of  the  vascular  system  usually  were  more 
sign! fit  nut  than  changes  in  the  cardiac  muscle,  V.  N.  Lobanov  made  a  proposal 
concerning  the  leading  role  of  vascular  affliction  in  disorders  of  hemo¬ 
dynamics,  and  expressed  the  necessity  of  reviewing  the  problem  concerning 
the  cause'!  of  death  of  an  organism  luring  plague. 

At  Mu  same  time  that  the  morphological  changes  In  the  capillaries 
during  plague  wore  noticed  many  timer,  by  i.un..  authors,  the  nature  and 
degree  of  functional  disruptions  in  the  capillary  system  during  this  infec¬ 
tion  have  not  been  studied  at  all. 

The  present  article  presents  the  results  cT  an  experimental  study 
made  by  us  of  the  functional  coral4 t ion  m  chc  capillaries  during  plague  in 
guinea  pic;, 

Methods 

Th,  lusts  were  set  up  on  guinea  pigs  weighing  400—470  grams.  In  the 
sheared  are.,  of  the  animal  we  used  a  tuberculin  syringe  to  administer  sub- 
cut.nieouiil  >  .m  u.l  ml  dose  of  a  solution  of  l'j4?  in  the  form  of  dibasic 
i  sodium  phosphate.  The  concentration  of  P  •  was  selected  in  such  a  way  that 

in  the  beginning  of  the  recording  the  number  of  impulses  in  1  minute  would 
be  within  the  limits  of  1,000. 

Tlic  recording  of  Impulses  was  performed  with  a  "B"  apparatus  with  an 
AS-2  calculator  embedded  in  a  lead  film  with  an  aperture  12  ran  In  diameter. 


3 


The  calculator  was  situated  1  cm  over  the  site  of  administration  of  the 
radioactive  substance.  During  the  test  the  recording  of  the  intensity  of 
radiation  lasted  one  minute  with  one  minute  breaks. 

The  intensity  of  resorption  of  the  administered  isotope  was  determined 
3«-4  times  on  healthy  guinea  pigs,  after  which  they  were  infected  subcutan¬ 
eously  with  the  B,  pestls  773  virulent  strain  (infecting  dose  --  1,000  micro¬ 
bial  bodies  which  comprised  100  Dim).  Subsequently  the  condition  of  the 
capillary  blood  flow  was  determined  in  the  dynamics  of  plague  infection. 

At  the  same  time  the  pathologoanatomical  and  bacteriological  picture 
of  the  infectious  procesp  were  investigated.  For  this,  daily  following  the 
determination  of  the  rate  of  resorption  of  the  administered  isotope,  we 
dissected  1--2  guinea  pigs,  determined  the  nature  and  degree  of  the  patho- 
logoanatomicul  change-  and  made  seeding?  on  agar  media  from  the  sun^utrane^'is 
cellular  tissue  at  the  site  of  injection  of  B,  pestls,  the  regional  lymph 
node,  spleen,  liver,  lungs,  and  blood. 

Results  of  the  tests  and  a  discussion  of  them 

For  a  judgement  of  the  degree  of  disruptions  of  the  functional  con¬ 
dition  of  the  capillaries  during  experimental  plague  infection,  it  was 
necessary  first  of  all  to  establish  the  limits  of  the  physiological  devia¬ 
tions  in  the  rate  of  resorption  of  the  subcutaneously  administered 
Na2HPJZ04  in  healthy  guinea  pigs.  For  this  purpose  the  rate  of  resorption 
was  determined  3--4  times  for  each  guinea  pig  before  infection. 

For  an  explanation  of  the  course  of  the  investigation  we  will  present 
the  proceedings  of  one  of  the  tests. 

29  January  1957,  guinea  pig  No,  8,  weight  380  grains.  Temperature  of 
the  premises  21°C.  Initial  background  --  72  impulses  in  1  minute. 

The  guinea  pig  was  fixed  in  the  stand  with  the  stomach  up.  Into  the 
sheared  area  of  the  animal  we  administered  subcutaneously  0,1  ml  of  physio¬ 
logical  solution  which  had  an  additive  of  the  indicator  amount  of 
For  removing  possible  traces  of  radioactive  phosphorus  on  the  surface,  the 
skin  was  rubbed  with  a  moist  cotton  tampon.  The  AS-2  counter  was  secured 
at  a  distance  of  1  cm  over  the  site  of  administration.  The  intensity  of 
radiation  was  recorded  for  one  minute  with  one  minute  breaks.  The  data 
obtained  is  presented  in  table  1. 

For  calculating  the  time  of  half  removal,  the  resulting  values  are 
conveniently  expressed  graphically.  The  graph  is  constructed  in  the  system 
of  semi-logarithmic  coordinates.  The  time  in  minutes  which  passed  from  the 
onset  of  administration  of  the  isotope  is  plotted  on  the  axis  of  abscissae 
and  the  logarithm  of  the  number  of  impulses  is  plotted  on  the  axis  of 
ordinates.  Through  the  points  which  are  plotted  in  this  manner  it  is 
possible  to  draw  a  straight  line,  the  slant  of  which  depends  on  the  rate  of 
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resorption.  A  determination  of  the  time  for  the  half  removal  of  the 
ailn'ini.si 1 1 .  .i  isotope  according  to  the  graph  lends  to  the  finding  of  the 
time  for  tin.  decrease  in  the  number  of  impulses  by  2  times,  which  corres- 
ponds  to  reduction  of  the  lg  of  the  number  of  impulses  by  0.3.  Use  of 
the  graph  yields  more  accurate  results  than  simple  calculation,  since  it 
makes  it  easier  to  see  possible  accidental  errors,  which  are  not  laid  out 
in  the  graph. 

A  .•r.’.phic  representation  of  the  data  presented  in  table  1  is  pre¬ 
sented  in  figure  1,  line  N. 

From  f inure  l  it  is  seen  that  the  tine  for  the  half  removal  of  the 
subcutaneously  administered  radioactive  phosphorus  P3  in  healthy  guinea 
pigs  in  th>  stated  test  equals  12  minutes. 

Hie  determination  of  the  time  of  the  half  removal  of  the  isotope  in 
healthy  guinea  pigs  showed  that  in  them  there  are  individual  deviations  in 
the  intensity  of  resorption,  since  in  the  same  animal  the  time  for  half 
removal  (tint  is,  Mie  rate  of  resorption)  over  a  period  of  4—6  days  changes 
little  (table  2). 

During  the  determination  of  the  rate  of  resorption  in  infected  guinea 
pigs  it  v.ai.  established  that  already  alter  one  day  of  experimental  plague 
in  F«*c tii'ii,  .  here  is  noted  a  reduction  in  tl.e  intensity  of  absorption  of 
sill  cutam  !  ;  ..ly  administered  radioactive  phosphorus.  Thus,  from  table  3  and 
figure  1  (lino  1),  which  represent  the  rate  of  resorption  of  radioactive 
phosphorus  in  guinea  pig  No.  8  after  one  day  following  infection,  it  is 
seen  that  Mi*  time  of  half  removal  equ  lr  21. ri  minutes. 

TFi,  intensity  of  absorption  cf  the  :  uhcutaneously  administered  radio¬ 
active  phosphorus  in  this  same  guinea  pi.-  prior  tc  infection  is  presented  in 
table  1  ami  Hgure  1  (line  N) .  A  comparison  shows  that  the  time  of  half 
removal  after  a  day  following  infection  of  Mu-  guinea  pig  with  B.  pestis 
Increases  by  almost  2  times. 

Kr.m  ..n  analysis  of  the  results  ol  the  tests  it  follows  that  in  the 
other  animals  already  after  24  hours  ioii.n-ing  Infection  the  rate  of 
absorption  <t  Na2HP3204  is  signif icajit ly  a,, teased  (table  4). 

Jim  ,  a  is  seen  from  table  4  that  after  3  days  following  infection 
the  time  fui  (he  half  removal  of  the  subcutaneously  administered  radioactive 
phosplurii.  i n  guines  pig  No.  8  increased  up  to  37  minutes.  On  the  4th  day 
the  tine  «>f  half  removal  increased  still  more  (49  minutes),  and  on  the  5th 
day  of  plague  infection  exceeded  the  initial  by  more  than  5  times  (67  minutes). 

A  reduction  in  the  rate  of  resorption  of  the  subcutaneously  administered 
isotope,  progressing  with  the  course  of  plague  infection,  was  noted  regularly 
in  all  cases  of  experimental  infection  of  guinea  pigs  with  B.  pestis. 
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Statistical  processing  of  the  results  show  them  to  be  fully  reliable. 
In  call  cases  P  <  0.001. 

We  pointed  out  above  that  the  rate  of  removal  of  the  low  molecular 
aubstances  from  the  tissues  depends  on  the  functional  condition  of  the 
capillaries  and  primarily  on  the  rate  of  blood  flow  and  permeability  of 
the  capillary  wall.  Therefore  the  slowing  down  of  absorption  of  radioactive 
phosphorus  from  the  subcutaneous  cellular  tissue  of  plague  infected  guinea 
pigs  may  be  appraised  as  the  result  of  a  significantly  expressed  decrease  in 
the  rate  of  capillary  blood  circulation  and  a  disruption  of  the  permeability 
of  the  vascular  wall. 

It  wus  shown  by  the  investigators  Kcty  (1949),  Jacox,  Johnson,  Koontz 
(1952),  I.  I.  Islamova  (1954),  and  others  that  the  rate  of  resorption  of  low 
molecular  substances  from  the  tissues  depends  primarily  on  the  condition  of 
the  capillary  blood  circulation,  and  is  determined  to  a  lesser  degree  by  the 
condition  of  permeability  of  the  capillary  wall.  From  this  it  should  be 
possible  to  consider  that  the  slowing  down  of  absorption  of  radioactive 
phosphorus  from  the  subcutaneous  cellular  tissues  in  guinea  pigs  infected 
with  B.  pestis  causes  primarily  a  disruption  in  the  rate  of  the  blood  flow. 
However,  we  did  not  consider  it  possible  to  make  a  similar  conclusion  for 
the  tissues  of  a  plague  animal  without  the  appropriate  experimental  verifi¬ 
cation,  and  therefore,  following  the  determination  of  the  rate  of  absorption 
of  radioactive  phosphorus  we  decided  to  study  also  the  rate  of  blood  flow  in 
guinea  pigs  during  various  phases  of  plague  infection.  With  this  aim  we 
determined  the  rate  of  blood  flow  In  20  guinea  pigs  before  infection  and  on 
each  day  following  their  infection  with  B.  pestis  (infecting  dose  --  1,000 
microbial  bodies,  which  corresponds  to  100  Dim), 

The  determination  of  the  rate  of  blood  flow  was  performed  with  the 
help  of  cytisine  solution. 

It  is  known  that  cytisine  solution,  just  as  with  lobeline,  is  a  phar¬ 
macological  preparation  which  excites  the  respiratory  center.  Following  its 
intravenous  administration  a  reflex  excitability  of  the  respiratory  center 
sets  in,  and  this  leads  Co  the  emergence  of  profound  respiratory  movements. 
Tills  property  of  cytisine  solution  and  lobeline  is  used  for  determining  the 
rate  of  blood  flow  in  clinical  and  experimental  investigations.  For  this 
the  cytisine  solution  is  introduced  intravenously  and  the  time  is  noted  for 
the  appearance  of  the  first  profound  inspiration. 

In  our  tests  we  made  a  small  Incision  on  the  guinea  pigs  on  the  skin 
of  the  rear  paw  over  the  surface  of  a  vein,  and  into  this  vein  we  introduced 
the  standard  dose  of  a  solution  of  cytisine  (0.05--0.1  ml).  The  changes  in 
respiration  were  transmitted  by  a  pneumatic  system  to  a  Maria  capsule.  The 
respiratory  movements  and  time  indications  were  recorded  on  kymograph  tape. 

The  results  of  the  study  of  the  rate  of  blood  flow  in  healthy  guinea 
pigs  and  following  their  Infection  with  B,  pestis  are  presented  in  table  5, 
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I(  is  seen  from  table  5  that  tin-  r.iti1  of  t  lie  blood  flow  Is  slowed 
down  .is  ,i  iiio.-i sure1  of  the  development  of  the  plague  process  and  on  the  4th 
d.i\  loll.winj;  infection,  before  tin*  death  ol  the  (in  ir>a  1  S  ,  cnriils  the 
lniti.il  one  by  2  limes, 

liv  comparing  the  rate  of  resorption  <.>1  radioactive  phosphorus  from 
the  tissues  to  t  lie  blood  (table  4)  with  the  rate  of  flowing  of  the  Hood  in 
pl.tr,  lie  infected  animals  (table  1),  it  can  ho  noted  that  the  rate  ol  resorp¬ 
tion  of  (he  isotope  slows  down  more  significantly  than  the  blood  flow  is 
slowed  down.  These  differences  set  in  especially  graphically,  her,  inn  i  ng  wi  th 
( lu  1--4fh  dnv  of  plague  infection,  when  tin  rate  of  Mood  flow  is  slewed 
down  en  an  average  of  2  times,  and  the  intensity  of  absorption  of  radioactive 
phosphorus  --  by  T.5--4  times. 

Consequent ly ,  the  Mowing  down  -f  the  processes  of  resorption  of 
substances  from  the  tissues  to  the  blood  during  experimental  plague  in 
guinea  pigs  should  be  connected  not  with  just  the  lowering  of  the  rate  of 
b  1  ood  f  t  rv , 

It  is  known  chat  during  infectious  diseases  an  increase  In  the  per¬ 
meability  of  Che  capillary  endothelium  Is  observed.  Thus,  B.  N.  Mogtlntlskiy 
and  M.  S.  brumshteyn  ( 1 9>  noted  a  signiiicant  increase  of  vascular  permea¬ 
bility  during  dysentery,  Kh.  L.  Tropubo* a  (1949)  during  diphtheria, 
men  sics  and  influenza;  I.  S.  Novitskiy  (1940)  --  during  brucellosis,  1'.  N. 

Mug  Unit  l  iv  (1956)  during  diphtheria,  k.  Cornalt  (195b)  --  during  sepsis, 
etc. 

In  spite  of  the  fact  that  Our  ini'  elague  special  determinations  of 
vascular  i  u  ahility  were  not  condu cted,  a!  the  sane  it  is  possible  to 
pres  line  Mu  presence  of  increased  porno. ‘  i  J  ity  of  thi  capillary  wall  also 
during  thi'-  infectious  disease.  Already,  the  presence  of  significant  hem¬ 
orrhages  in  plague  speak  for  the  1  r.  v ease  ■  permeability. 

At  lirst  glance,  it  may  appear  !l  !t  with  the  Increased  pormeahil Itv 
of  the  vascular  wall,  nutrient  sulv!  ii'.i"  tin'  gases  (oxygon,  carbon  dioxide) 
will  pa s n  lhroug.il  it  easier  than  thr-ugh  Intact  vascular  epithelium.  Also 
in  such  a  iav  the  exit  of  products  of  t  !s-m*  metabolism  would  bo  signifi¬ 
cantly  iii',  and  the  fact  of  the  imri.i-i  in  permeability  of  (he  vascular 
membra ne:.  would  be  unconditionally  a  t..u  r.u-U  r  >nrnt.  11.  N.  Mogilnitsklv 
et  <il.  ( 1 9.."--  1  956)  showed  that  an  increase  ol  vascular  permeability  i- 
, icc  onipan  i  cd  iy  the  outflow  of  plasma  pn  ( >  n  from  the  blood  channel  into  (he 
tissue.  Al-'iig  with  this  there  takes  plan  a  saturation  of  (he  tissues  and 
a  blockade  .1  t  lie  cellular  elements  • t  in  with  the  subsequent  disruption 
of  nouri  d.-eni  ,  respiration,  and  the  ui.wi.ii  ol  products  of  cellular  meta¬ 
bolism,  besides  this,  in  cases  of  infeetieus  diseases,  bacterial  poisons 
which  ,.ue e  the  phenomenon  of  intoxication  penetrate  through  the  affeited 
cap i  1  lai  ies  into  t Ire  tissues, 

Consequently,  the  disruption  of  the  capillary  endothelium,  which  is 
accompanied  by  an  increase  of  its  permeability,  leads  to  plasmorrhoa  QJ  and 
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the  blockading  of  cellular  elements  by  the  protein  masses  which  are  coming 
out  of  the  blood  channel,  which  sharply  disrupts  the  metabolism  between  the 
blood  and  the  tissues.  The  discharge  of  plasma  into  the  intertissue  spaces 
causes  the  clotting  of  blood,  a  reduction  of  its  volume,  and  the  subsequent 
disruption  of  blood  circulation.  In  this  manner,  it  can  be  considered  that 
the  disruption  of  vascular  permeability  is  a  real  factor  in  the  genesis  of 
many  pathological  processes. 

In  determining  the  content  of  oxygen  in  the  blood  during  experimental 
plague  of  guinea  pigs  in  a  previous  work,  we  noted  that  oxygen  is  no  lower 
than  7.3  per  cent  by  volume  (on  the  average),  though  at  this  time  there  are 
all  the  signs  of  a  more  profound  oxygen  deficiency  (shortness  of  breath, 
change  of  the  T-wave  on  the  electrocardiogram,  decrease  of  glycogen  in  the 
myocardium).  The  assumption  was  expressed  concerning  the  disruption  of  the 
transfer  of  oxygen  through  the  capillary  endothelium  as  a  result  of  its 
affection.  In  the  light  of  the  data  presented  the  thought  arises  concerning 
oxygen  deficiency  of  tissues  as  the  result  of  their  blockading  by  the  pro¬ 
tein  elements  of  the  plasma  which  is  coming  into  the  intertissue  gaps  through 
the  affected  capillary  walls.  In  the  event  of  the  correctness  of  a  similar 
assumption  in  the  dynamics  of  plague  infection  there  should  be  observed  a 
decrease  in  the  amount  of  plasma  and  the  clotting  of  blood.  We  decided  to 
verify  this  experimentally.  For  this  purpose  we  used  heroatrocrite  to  deter¬ 
mine  the  amount  of  plasma  in  10  guinea  pigs  before  infection  and  each  day 
following  infection  with  B.  pestis  773  (infecting  dose  1,000  microbial 
bodies).  The  tests  showed  that  in  healthy  guinea  pigs  the  amount  of  plasma 
was  on  the  average  of  71.5%.  Under  analogous  conditions  for  determining 
(centrifuging  of  capillaries  with  blood  for  20  minutes  at  5,000  revolutions 
a  minute),  after  one  day  following  infection  the  amount  of  plasma  was  reduced 
to  62.2%,  that  is,  almost  by  10%.  In  subsequent  days  of  the  infectious 
process  tho  content  of  plasma  in  the  blood  decreased  less  Intensively  (table  6) . 

The  decrease  in  the  content  of  plasma  in  the  blood  creates  a  foundation 
for  considering  that  already  in  the  first  period  of  the  experimental  plague 
process  plasmorrhea  takes  place  and  consequently  the  blockading  of  its  tissue 
elements  by  protein  components. 

Added  further  to  the  disruption  of  vascular  permeability  is  the  slow¬ 
ing  down  of  the  rate  of  blood  flow,  still  further  aggravating  the  seriousness 
of  the  hypoxia  condition  of  the  organism. 

The  blockading  of  tissues  by  the  protein  masses  of  perspiring  plasma, 
setting  in  as  a  result  of  an  increase  of  permeability  of  the  vascular  wall , 
sharply  changes  the  course  of  metabolic  processes  between  the  blood  and 
tissues,  hinders  the  sufficient  intake  of  oxygen  by  the  working  organs  and 
the  removal  of  the  products  of  cellular  metabolism  from  them.  The  hypoxia 
condition  which  develops  as  a  result  of  this  in  its  turn  furthers  the 
increase  of  permeability  of  he  capillary  endothelium,  since  it  is  known 
that  hypoxia  alone  causes  an  increase  of  vascular  permeability  (N.  V. 

Balanina,  1956). 
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during  plague  Infection  a  vici.-.is  .iulu  is  created  --  iJlC 
■  ,,ltl  u"‘:'  onaet  leads  to  a  disruption  ol  capillary  permeability  and  the 
- '  ’•  1  fiaaues  with  tlieir  sul.sc«|iit  >.l  hypoxia,  and  the  hypoxia  still 

.>.rt!iei  -!i.w.i|<is  the  permeability  of  the  vessels  and  leads  to  the  additional 
•li n harj,»  >  f  plasma,  and  togetiier  wiLh  this,  it  must  be  conjectured,  also 

*  *•■(■:  I  i  .  I  a.;  from  the  bloo.i  i..fi<  tin  tissues,  which  worsens  tiie 
hyp> •>  i.  .  .  .1  i  r  ion . 

I. st nl  lisl.inent  of  the  fact  of  plasmorrheu  and  the  decrease  in  the 

I  '■  ■  ’  i  1  !  !  w  during  plague  inlet  i.m  .  Icar  up  the  data  wliicli  was 

obtained  -  m1  itr.  Tlie  reason  becomes  clear  lor  the  increase  in  the  amount 
of  hr-inot* I ■  i •  in  the  peripheral  l>l....d  in  plague  infected  guinea  pigs.  As 
a  result  .  I  •  he  increase  in  the  per-..  ’1  .'*»  •  •  the  wall  and  the 

slowing  daw .  .  *  the  blood  flow,  part  ol  the  plasma  goes  out  into  the  inier- 
t  tssue  sp  ..  <•-.  ,  *  he  elotting  of  hlool  takes  place,  and  consequently  an 
increase  in  t  tie  percentage  content  of  hemoglobin  in  the  circulating  blood. 

it  is  probable  that  during  plat-tic  infection  the  discharge  of  plasma 

I I  ..I  i  tin  ..i. .ular  channel  is  not  tin.  same  in  .ill  the  organs  and  tissues, 

iin  ni  plasmorrhca  depend*  on  tin  m-gree  of  affection  of  the 

c  ■>!>  1 ;  lai'v  vessels  and  the  slowing  di>oi  ot  .  ciliary  blood  flow  in  this  or 
that  organ  i  t'.isue.  In  organs  wit  It  a  i.ii.ip  increase  of  vascular  perinea  - 
I  tiit  a  ..I  a  significant  slowing  down  ol  na  i»lood  flow  it  is  natural  to 
•  |  .  i  •  1 1  intensive  plasniorrlu-a  than  ,in»i.  where  these  changes  are  not 

,i  .c  iiui  metabolic  pioct.s.v..  ..  -a.  .  the  blood  and  tissues  go 

.  ..  .:  ,  i  .  .i,  vessels  and  the  rau  •  i  bl...d  (low  xu  these  vessels  is  the 

I,  .t.  li  .  n  il  is  natural  that  pl.ismai  cln-a ,  and  consequently  the  clotting 

!  1  I  !  :'h  c  increase,  in  tin  vo.it  ni  !■  .j.loMn  are  observed  in  the 

'iia  gr.atci  .1.  .  1 1 1  i  >  .  •  . .  >d  token  f i  vim  the  heart  or 

• 

•!».,  ill  arfer  iovern  us  diTli  roii. .  and  the  presence  of  “relatively 
i  i  i  .ii  -f  oxygen  in  the  venom  M.  .  ’  il  ■  become  clear.  In  view  of 

i '  ».-e»  •  ’  !u-  blockading  of  tb.  »  » .-  ’  •  <>  n  In  imI.-cii  h  a  prevent  s 

the  d.  liv.r>,  <i  |  oxygen  to  the  function  Lit;-  eel  In,  then  these  cells  experience 
..  -.harp  o i  ii  deficiency,  the  oxygen  is  «i.  t..  i..c*d  in  the  capillary  and 

•  . .  i  ;« .»i  ...d  Is  not  used  at  all. 

!«  ,a  uliahle  that. the  hypo.ii  ••  nil .  mu  plays  a  slgnif  ii.int  role 
i.  i  tie  .  w  iiii  chain  oi  functional  dismpi  i..i.-,  which  set  in  in  an  organism 
i.  la,.  ,>!..  .-.  infection.  Therefore,  aiiv  .asm*  of  Lite  severity  ot  oxygen 
a -iicr.cn..  will  always  favorably  influent.-  the  com  se  ol  plague  iniection. 

In  !..  .implex  method  of  treating  |  l..guu  patients  which  was  developed 
i>y  N.  N  v|  .  .  '.-Vorezhnikov,  one  of  tin  components  is  methylene  blue.  By 
the  i  Idii i  .  ,  i  methylene  blue  to  Suiiidiue,  N.  N.  Zhukov- Verezhnikov 
t:  ii  C  I  i  la  1 1  .ms  formation  of  the  bacteriostatic  effect  of  Sulfidine  in 
r.-sped  i.  I  .  peat  is  to  bactericidal.  "I  he  complex  of  Sulfidine  with  methy¬ 
lene  blue  In  conjunction  with  antiplague  serum  was  a  powerful  therapeutic 
means,  the  use  of  which  for  the  first  time  made  it  possible  to  cure  even  the 
pulmonary  form  of  plague. 

u 


■  *  #>■  'i 


It  is  known  that  In  the  processes  of  biological  oxidation  methylene 
blue  may  play  the  role  of  acceptor  of  hydrogen  and  by  this  normalize  the 
course  of  metabolic  processes  in  the  tissues.  Therefore,  It  can  be  assumed 
that  the  Influence  of  methylene  blue  Is  not  limited  just  by  Its  bactericidal 
effect  In  conjunction  with  Sulfidlne  on  the  plague  microbe.  The  possibility 
Is  not  excluded  of  the  Influences  of  methylene  blue  also  on  the  processes  of 
tissue  respiration  of  a  macroorganism,  which  during  plague  infection  Is  found 
in  a  state  of  hypoxia. 


The  liquidation  of  the  symptoms  of  oxygen  deficiency  doubtlessly  would 
be  a  significant  moment  in  the  general  series  of  symptomatic  therapeutic 
actions  on  a  plague  Infected  organism.  However,  here  It  Is  necessary  to  take 
into  consideration  the  whole  complex  of  pathological  changes  with  a  decrease 
In  the  content  of  oxygen  In  the  blood,  a  disruption  in  the  rate  of  blood 
circulation,  the  intensity  of  absorption,  the  degree  of  permeability  of 
capillary  membranes,  and  the  discharge  of  plasma  from  the  vascular  channel 
into  the  tissues. 


V 


Conclusions 


1.  During  experimental  plague  in  guinea  pigs  a  slowing  down  Is 
observed  in  the  absorption  of  radioactive  phosphorus  from  the  subcellular 
tissue,  progressing  with  the  course  of  the  infectious  process. 


2.  The  sharp  reduction  In  the  Intensity  of  resorption  of  the  sub¬ 
cutaneously  administered  radioactive  phosphorus  testifies  to  the  significant 
disruptions  in  the  functions  of  the  capillary  system  during  plague  in  guinea 
pigs. 


S.  In  the  course  of  plague  infection  in  guinea  pigs  a  decrease  is 
observed  in  the  rate  of  the  blood  flow,  which  in  the  last  days  of  the 
infectious  process  is  decreased  by  almost  2  times  in  comparison  with  the 
initial  rate  noted  prior  to  infection. 

During  experimental  plague  infection  a  disruption  is  noted  in  the 
permeability  of  the  vascular  wall  and  as  a  result  of  this  the  discharge  of 
plasma  into  the  intertissue  spaces  takes  place, 

9.  The  complex  of  pathological  changes  with  the  disruption  of  the 
rate  of  blood  flow,  intensity  of  absorption  of  substances,  the  degree  of 
permeability  of  capillary  membranes  and  the  discharge  of  plasma  from  the 
vascular  channel  into  the  tissues,  plays  an  important  role  in  the  overall 
chain  of  functional  disruptions  which  set  in  in  the  organism  of  a  guinea 
pig  during  plague  infection. 
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Rate  of  blood  flow  in  healthy  guinea  pigs  and  following 
their  infection  with  li,  pest  is  (average  values) 


After  infection 
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2  days 
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»  b.l  soc 

I 
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u 

!).f>  see 
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percentage  content  of  plasma  in  the  blood  of  guinea  pigs  in  the 
dynamics  of  plague  infection 


■rage  71."  62.2  61  '-O.r  60.6  60 
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